Introduction
Nodular fasciitis, described for the first time in 1955 by Konwaler et al. [1] , is a benign disorder characterized by a pseudoneoplastic proliferation of myofibroblasts. Generally, it is detected in the soft tissue of the extremities, of the trunk and the neck, although involvement of muscles, fasciae and parenchymatous organs was described, and virtually all parts of the body can be affected [2, 3] . The pathogenesis is currently unknown, although the majority of the authors agree that it consists of a reactive proliferative process triggered by local injury, despite only 10-15% of them mentioning it [2, [4] [5] [6] . Nodular fasciitis usually affects the young and middle aged individuals, with a balanced male/female ratio, and is rare in the elderly [3, 7] . The size of the lesions is generally small (i.e., <3 cm); however, sporadically they can be >10 cm [3, 8] .
A few cases of breast nodular fasciitis were described in the scientific literature; the World Health Organization categorized it as one of the benign mesenchymal breast tumors [9] [10] [11] [12] . The disease is clinically characterized by sudden onset and rapid growth of a unilateral small and firm nodule, often painless and palpable, resembling a malignant neoplasm. Such clinical manifestations, along with the poor specificity of imaging and cyto-histological features, hinder the differential diagnosis and negatively impacts the therapeutic strategy, which must be as conservative as possible, given the benign nature of the disease and the tendency toward spontaneous regression [6, [8] [9] [10] [11] .
The aim of this article is to describe the clinical, diagnostic, pathological and prognostic features of nodular fasciitis, as well as the therapeutic approach, through a comprehensive review of the cases reported in modern literature.
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Summary
Background: This article describes the demographic, clinical, pathological and prognostic features of breast nodular fasciitis through a comprehensive review of the cases reported in modern literature. Material and Methods: English-language articles published from January 1970 to October 2015 and related to breast nodular fasciitis were non-systematically retrieved using the PubMed database. Titles, abstracts and references were evaluated in order to include the most relevant studies. The demographic characteristics of the patients and the signs and symptoms of the disease were reviewed, as well as the results of the radiological and diagnostic procedures employed and of the treatments adopted. Results: 26 papers reporting on 28 cases were enrolled; however, manuscripts published before 1990 were excluded because of old methodologies, technologies and clinical approaches. Thus, 22 cases included in 20 papers were analyzed in detail. Conclusion: The rarity and the unspecific clinical and radiological characteristics of breast nodular fasciitis make the differential diagnosis and management challenging. Knowledge of the clinical, pathological and prognostic aspects of this condition is crucial for breast care specialists in order to improve their diagnostic and therapeutic interventions.
Results
Twenty-two cases included in 20 papers, published in the period under investigation, were analyzed in detail [4] [5] [6] [7] [8] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The main demographic and clinical characteristics of the enrolled patients are summarized in table 1.
The majority (20 cases, 91%) were women (M/F ratio 10: 1), and the mean age was 44 (range 15-84) years. Several clinical, epidemiological and demographic data were partially reported. The mean delay between the arousal of the lesions and clinical examinations, assessed only in 15 patients, was 34 (range 7-120) days. Only 1 out of 10 (10%) reported on a previous trauma. Furthermore, familiar or individual breast cancer history was negative in 8 of 8 (100%) cases. Left and right breasts were affected in 12 (57%) and 9 (43%) cases, respectively; however, the side of the lesion was not mentioned in 1 case. The mean diameter of the lesions, computed during the pathological or the ultrasound (US) examination, was 1.9 (range 0.6-5.6) cm in 18 patients.
After clinical examination, the borders of the lesions were 'welldefined' in 7 of 8 (87.5%) cases, whereas their consistency resulted 'firm' or 'hard' in 8 of 10 (80%), soft-to-hard in 1 (10%) and soft in 1 (10%). Lesions were considered mobile in 5 of 6 (83%), without any skin retractions and areola alterations, respectively, in 7 and 5 cases where information was reported. No axillary lymph node swelling was observed in 9 cases. Painless lesions were described in 11 of 13 (85%) cases. Table 2 summarizes the imaging techniques adopted during the diagnostic process. The most frequently employed ( 90%) were US and mammography, followed by MRI and CT. In 13 (59%) cases, both US and mammography were used.
The mammographic features of the lesions were described in some of the cases reviewed. Density patterns were variable from dense in 5 of 11 (45%) to isodense in 2 of 11 (18%), with a focal asymmetry in 2 of 11 (18%), opaque in 1 of 11 (9%) and soft tissuelike density in 1 of 11 (9%) cases; the shape of the lesions was described as irregular in 3 of 9 (33%), spiculated or stellate in 3 of 9 (33%), oval in 1 of 9 (11%), regular in 1 of 9 (11%) and round in 1 100%) cases, and margins were poorly defined in 7 of 9 (77%), irregular in 1 of 9 (11%) and well-defined in 1/9 (11%) cases.
Hypoechoic features were described in all the 11 (100%) cases in which information about the US characteristics of the nodules was provided; a hyperechoic halo was observed in 6 of 11 (54%) cases, whereas perilesional invasion only in 1 of 4 (25%) case. The margins of the lesions were irregular in 8 of 9 (88%) cases. Vascularity evidenced by Doppler US was described only in 2 cases, and it was absent and minimal, respectively. Acoustic shadow was detected in 3 of 5 (60%), and acoustic enhancement in 1 of 3 (33%) cases.
MRI was performed only in 4 cases: it was negative in 1 patient following a spontaneous regression of the nodule, while in 2 other cases intense enhancement in T1-weighted imaging was reported. In 1 case described by Rhee et al. [23] , the lesion was hypointense in T1-and hyperintense in T2-weighted imaging, with a rapid and persistent enhancement. CT scan was carried out in 1 case, where chest wall invasion was suspected.
Fine needle aspiration (FNA) and/or core biopsy (CB) were frequently (16 cases, 72%) employed for diagnosis (table 3), but their diagnostic accuracy was poor with a definitive diagnosis obtained only in 25% of the cases. The most frequently used was FNA (12 cases, 55%); in 3 (14%) cases, both FNA and CB were employed. The typical FNA pattern showed isolated spindle-shaped cells mixed with tissue fragments, mimicking other neoplastic and nonneoplastic breast conditions, such as fibromatosis, myofibroblastoma, inflammatory myofibroblastic tumor, benign fibrous histiocytoma, spindle cell lipoma, phyllodes tumor, metaplastic carcinoma, and sarcoma [22, 26, 27] . A surgical excision was often required to obtain the final diagnosis.
The pathological gross examination was detailed in a few cases: the color was white or whitish in 5 of 7 (71%), and grayish in 2 of 7 (29%) lesions; whereas the borders were well-defined in 2 of 3 (67%) and stellate in 1 of 3 (33%) lesions; and the consistency firm, hard or solid in 7 of 7 (100%) lesions. Only 1 of 3 (33%) lesion was partially capsulated. Histopathologically, fibroblasts were arranged in bundles or fascicles in 10 of 13 (77%), while packed and disorganized or scattered in 2 of 13 (15%) cases and formed nodularities in 1 of 3 (7%) cases. Cellularity was described as variable, moderate and loose in 5 of 8 (71%), 2 of 8 (29%) and 1 of 8 (14%) cases, respectively, and the shape as spindle or stellate-spindle in 13 of 13 (100%) cases. Furthermore, mitotic activity was reported as rare, occasional or scanty in 7 of 9 (77%) cases, and numerous normal in 2 of 9 (23%) cases. The margins of the lesions were irregular in 9 of 10 (90%). Perilesional infiltration or entrapment of the adjacent tissue was reported in 9 of 9 cases. Stroma appeared as myxoid in 8 of 12 (67%), collagenous/myxoid in 3 of 12 (25%) and myxoid/ fibrotic in 1 of 12 (8%); hyalinization and extravasation were reported in 3 (13.5%) and 9 (41%) cases, respectively. The most commonly employed immunohistochemical markers are smooth muscle actin (SMA), CD 34, desmin, S-100 and CD 68. SMA and CD 68 are generally positive, while the others are negative. Positive vimentin and negative AE1/AE3 were also reported (table 4) .
The treatment option adopted is reported in 20 cases. An excisional biopsy was performed in 14 of 20 (70%) patients, while a 'wait and see' approach was adopted in 4 of 20 (20%) individuals in which spontaneous resolution was observed. A vacuum-assisted removal (5%) and a modified radical mastectomy in a patient with a chronic respiratory insufficiency and a small breast (5%) were performed in the remaining 2 cases. The mean follow-up was 11 (range 1-24) months for 7 patients. No recurrences, disseminations or deaths were reported. In cases of spontaneous resolution, the time lag between the diagnosis and the confirmed resolution ranges from 1 month to 2 years.
Discussion
Breast nodular fasciitis is an extremely rare clinical condition, with only a few cases reported in the medical literature [24] . Its rarity and unspecific clinical and radiological characteristics make the differential diagnosis and the management challenging. It mainly affects middle aged women, with an age distribution similar to that described for fasciitis of other anatomical districts, in which the percentage of male patients is consistently higher (up to 50%) [3] . The report of a traumatic event preceding the occurrence of the disease is rare, being described only in 15% of the cases involving all the anatomical districts of the human body [2, 4, 5] ; our case series showed that the percentage can be lower (10%) in individuals with a breast lesion. Furthermore, a history of previous or familiar breast cancers does not seem to influence the probability of the disease. The clinical progression of the nodules seems rapid. Bernstein et al. [3] in their series of 134 clinical cases report that 13 successfully treated patients were managed within 1 week from the first symptoms and signs and 39 within 1 month. This pattern is similar to that observed in our review. Such a rapid growth and evolution is not common in other breast nodules, especially the malignant ones, and may indicate or even be pathognomonic of nodular fasciitis.
The UO quadrants of the breasts are most frequently affected, similar to the most common malignant breast cancers [28] . The lesions are generally painless, even if pain may be present in some cases. The mean size of the lesions is approximately 2 cm, although nodules as small as 0.6 cm or greater than 6 cm have been described [8] . During palpation, nodules appeared to be well-defined, firm or hard and mobile; however, in a few cases, they can be soft and fixed in the surrounding tissues. Also, skin retraction or involvement of the nipple-areola complex is rare, although possible; the axillary lymph nodes are never involved as opposed to malignant tumors [29, 30] .
Mammography and US represent the most commonly employed methods for the anatomical assessment of nodular fasciitis. Some cases in which a surgical excision was provided without a preoperative mammographic or ultrasonographic evaluation were reported; Tulbah et al. [18] performed a surgical excision of a nodule diagnosed as a fibroadenoma without such evaluations. MRI and CT scan do not add consistent diagnostic information, and may be helpful in cases of soft tissue invasion, rather than as a routine evaluation.
The most common mammographic appearance of breast fasciitis is that of a dense, irregular or spiculated nodule, with poorly defined margins. It can also be regular, oval or round with welldefined margins in some cases. Calcifications are usually not detected. On US, the lesions are constantly hypoechoic, but can show hyperechoic halo, acoustic shadow or enhancement. The margins are often irregular, and perilesional invasion of the breast or fatty tissue can be detected. Vascularity is generally minimal or completely absent.
Breast nodular fasciitis may resemble several other breast lesions, which may present similar radiological or even pathological features, such as fibromatosis, myofibroblastoma, inflammatory myofibroblastic tumor, benign fibrous histiocytoma, spindle cell lipoma, phyllodes tumor, metaplastic carcinoma and sarcoma, as we have mentioned before. Differential diagnosis is essential, especially with potentially aggressive lesions like phyllodes tumors, metaplastic carcinoma and sarcoma. The former is commonly biphasic and shows large cohesive epithelial fragments and numerous naked nuclei in addition to the spindle-shaped mesenchymal cells [22] . Metaplastic carcinoma commonly consists of a population of spindle cells disposed individually or in cell groups in a myxoid context; the lesions, as opposed to nodular fasciitis, show immunohistochemical cytokeratin positivity [22, 26] . Primary sarcomas of the breast may also present spindle cells, but the nuclear features and the clinical findings are enough for the correct differential diagnosis [22] . Excisional biopsy represents the most commonly used procedure, both for diagnostic and therapeutic purposes. More relevant surgical operations are sporadically described, as in the case of Törngren et al. [12] who performed a modified radical mastectomy in a patient with chronic respiratory insufficiency and a very small breast. Similar approaches have been described in older articles [31] . Another less invasive option is the US-guided vacuum assisted excision used by Rhee et al. [23] . Finally, a 'wait and see' approach was successfully adopted in some cases where autonomous resolution was observed. Spontaneous resolution is also reported in series including other than breast lesions [8] . It seems that resolution does not depend on the size of the lesion; Brown and Carty [6] described a 5.5 cm lesion spontaneously and rapidly regressed. Nevertheless, it is difficult to establish the appropriate criteria for a correct decision between excisional biopsy and conservative management. A non-operative approach should be considered in typical cases with clinical, imaging and biopsy features, as those described before [6, 24] . If the criteria for such an approach are not met, US-guided vacuum or surgical excision should be provided to establish definitive diagnosis and to cure. Recurrences after surgery for nodular fasciitis have been described [3] . Nevertheless, no recurrences were observed in the breast cases we reviewed, and all patients in whom follow-up information was available remained free of disease. Therefore, recurrence seems to be an exceptional event, although more data on the excisional procedures used and the healthy tissue margins obtained are necessary to better assess this issue. In all cases, the prognosis of nodular fasciitis of the breast is good.
Conclusions
Breast nodular fasciitis is a rare, benign condition commonly affecting middle aged women and frequently confounded with other neoplastic and non-neoplastic disorders. This can lead to relevant difficulties in the management of the disease, particularly to overtreatment. Knowledge of its typical demographic, clinical and pathological aspects is crucial for breast care specialists in order to improve their diagnostic and therapeutic interventions.
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